The pathogenesis of the Brucella-induced inflammatory response in the bovine placenta is not completely understood. In this study we evaluated the role of the B. abortus Type IV secretion system and the anti-inflammatory factor BtpB in early interactions with bovine placental tissues. Transcription profiles of chorioallantoic membrane (CAM) explants inoculated with wild type (strain 2308), DvirB2 or DbtpB Brucella abortus were compared by microarray analysis at 4 hours post infection. Transcripts with significant variation (.2 fold change; P,0.05) were functionally classified, and transcripts related to defense and inflammation were assessed by quantitative real time RT-PCR. Infection with wild type B. abortus resulted in slightly more genes with decreased than increased transcription levels. Conversely, infection of trophoblastic cells with the DvirB2 or the DbtpB mutant strains, that lack a functional T4SS or that has impaired inhibition of TLR signaling, respectively, induced more upregulated than downregulated genes. Wild type Brucella abortus impaired transcription of host genes related to immune response when compared to DvirB and DbtpB mutants. Our findings suggest that proinflammatory genes are negatively modulated in bovine trophoblastic cells at early stages of infection. The virB operon and btpB are directly or indirectly related to modulation of these host genes. These results shed light on the early interactions between B. abortus and placental tissue that ultimately culminate in inflammatory pathology and abortion.
Introduction
Brucellosis is an important zoonotic disease with worldwide distribution, caused by bacteria of the genus Brucella. It causes significant economic losses due to abortions and culling of infected cattle, whereas in humans it is associated with a febrile illness with variable symptoms, and it may occasionally be fatal [1] [2] [3] .
Most cases of bovine brucellosis are due to Brucella abortus infection, which is transmitted by contact with contaminated aborted fetuses, fetal membranes, and uterine secretions after abortion or during the postpartum period [4, 5] . Aborted fetuses resulting from B. abortus infection often exhibit signs of fibrinous pleuritis, which may be associated with suppurative bronchopneumonia and fibrinous pericarditis [6, 7] . During pregnancy, after the initial infection of the erythrophagocytic trophoblasts located at the base of the chorionic villi, the bacteria spread throughout the placenta following a periplacentomal pattern, infecting trophoblastic cells of the intercotyledonary region, mostly at the end of gestation (180 to 240 days) [8] [9] [10] [11] . Thus, B. abortus triggers an intense acute inflammatory response in the placenta, which is associated with abortion [7] . While this inflammatory pathology is well-described, very little is known about the initial interactions between B. abortus and placental cells that ultimately result in placentitis and abortion, two processes that are key components of disease transmission. Because of the difficulty of studying these early interactions in pregnant animals, ex vivo infection of cultured chorioallantoic membrane (CAM) explants, which results in localization of B. abortus to trophoblasts, has been used to study the initial phases of placental infection [12, 13] .
Virulence factors of B. abortus have been studied in the context of persistent infection of the mononuclear phagocyte system, however few studies have been performed in the context of placental infection in the natural host. The type IV secretion system (T4SS) is considered to be a key virulence factor of Brucella spp., and it is responsible for secretion of effector proteins across the bacterial cell envelope [14] [15] [16] . The T4SS has been shown to be involved in abortion in goats [17] , raising the question of its contribution to early interactions with the placenta.
A second set of virulence factors, shown to be involved in immune evasion, are the TIR domain proteins, BtpA and BtpB [18] [19] [20] . BtpA is present in B. abortus, B. melitensis, and B. suis ATCC 23445 (biovar 2), but it is absent in B. suis 1330 (biovar 1). BtpA binds directly to MyD88, preventing signaling via TLR2 and TLR4, impairing innate immune response and inhibiting maturation of in vitro infected dendritic cells by blocking the TLR2 signaling pathway [18, 20] . BtpB is present in all species of Brucella. It inhibits TLR signaling, preventing activation of dentritic cells, and together with BtpA can modulate the host inflammatory responses during Brucella sp. infection [19] . Interestingly, translocation of BtpB into host macrophages was shown to depend on the VirB T4SS [19] .
In this study, the CAM explant model was used as an ex vivo model to study the pathogenesis of Brucella infection during the initial phase of the bacteria-host interaction [12] . Carvalho Neta et al [13] , using this model, demonstrated that B. abortus modulates the innate immune response by trophoblastic cells by inhibiting the transcription of proinflammatory mediators at early stages of infection. The aim of this study was to interrogate the role of the VirB T4SS and BtpB in early suppression of inflammatory responses in the placenta.
Materials and Methods

Bacterial strains
The inocula were prepared by growth for 12-15 hours under agitation at 37uC of the three bacterial strains: B abortus 2308 was cultivated in Brucella broth (Difco, Lawrence, KS, USA) and the DvirB2 B. abortus and DbtpB B. abortus strains were cultivated in Tryptic Soy Broth (Difco) supplemented with kanamycin (100 mg/ mL). After incubation, the optical density of bacterial suspensions was determined by spectrophotometry (OD 600 ) and adjusted to 1.0610 8 CFU/mL. To confirm the concentration of bacteria, the inocula were serially diluted in PBS (pH 7.4), and 100 mL of each dilution were plated on Tryptic Soy Agar (Difco), in duplicate. After 48 h of incubation at 37uC with 5% CO 2 , colonies counted and the number of colony forming units (CFU) was obtained by the average of duplicates. The handling of agent and infected material was performed under biosafety level 3 containment.
Generation of mutant strains
The DvirB2 B. abortus strain used in this study was obtained by allelic exchange of the virB2 gene (BAB2_0067), inserting a kanamycin cassette. The plasmid used to construct the mutant strains was the pAV2.2, a kanamycin resistant vector, which has been described previously [21] . The DbtpB B. abortus strain was obtained by allelic exchange of the btpB gene (BAB1_0279) for a kanamycin cassette. The plasmid used for btpB mutagenesis was generated in this study. For this purpose a plasmid called pUKD/ btpB was made by using a previously described three-step cloning strategy [22] . Briefly, a fragment of the 59 region of BAB1_0279 with engineered SmaI site was amplified from B. abortus genomic DNA using primers BMEI1674UP-F (TGAATGTGGCAAGC-CCTCGAC) and BMEI1674UP-R (ACCCGGGCTTGTTTCT-CTTTAGAC). A fragment of the 39 region of BAB1_0279 with engineered SmaI and PstI sites was amplified using primers BMEI1674DN-F (ACCCGGGCAGATGCAAATATGGCCG-TAAG) and BMEI1674DN-R (TCTGCAGCCGGAGGAATG-GCATCAC). Both amplicons were TOPO cloned into pCR2.1 to yield plasmids pUP/btpB and pDN/btpB respectively. The orientation of the inserted 59 fragment of BAB1_0279 was determined by PCR and restriction analysis to make sure the unique SmaI site was next to the T7 promoter in pCR2.1 vector. The 39 fragment of BAB1_0279 was then excised by SmaI/PstI double digestion and cloned into the same sites of pUP/btpB to generate the pUD/btpB. The resulting plasmid was selected for ampicillin resistance as double digestion of SmaI/PstI truncates the original kanamycin resistance gene in pCR2.1. In the third cloning step, a 1.3-kb SmaI fragment of pUC4-KIXX (Pharmacia) containing the Tn5 kanamycin resistance gene was cloned into the SmaI site of pUD/btpB to give rise topUKD/btpB, which was selected for both kanamycin and ampicillin resistance. These plasmids were transformed into electrocompetent B. abortus cells by electroporation as previously described [23] . Colonies that were kanamycin resistant and ampicillin sensitive were selected as mutant candidates. Deletion of the virB2 and btpB genes was confirmed by PCR using primers flanking the deleted region.
Chorioallantoic membrane explant culture and infection
Snapwell plates (Transwell Cell Culture Permeable SupportsSnapwell Inserts -Corning Incorp., NY, EUA) were used for culturing CAM explants [12, 13] . Seven intact pregnant bovine uteruses at the final third of gestation were obtained at local slaughterhouses. Gestational age was estimated by cephalococcygeal length (CR -Crown-rump length) [24] . All fetuses were serologically negative for Brucella spp. by using the Acidified Antigen Buffered test with fetal amniotic fluid. Prior to obtaining the CAM, the perimetrium was thoroughly decontaminated with iodinated alcohol, the uterus was then opened and CAM removed and placed in RPMI 1640 sterile medium (Invitrogen, São Paulo, Brazil) containing antibiotics (100 U/mL penicillin and 100 mg/ mL streptomycin) for 20 minutes. CAM explants were then washed twice in RPMI (Invitrogen) at 37uC for complete removal of the antibiotic. Sterile rings and detachable supports were positioned over the intercotyledonary portion of the CAM explants. Excess tissue was removed from CAM explants, which were placed in 6 well culture plates (Corning, NY, USA) containing sterile culture medium RPMI 1640 supplemented with 4 mM glutamine, 1 mM pyruvate, 1 mM nonessential amino acids, 2.9 mM sodium bicarbonate and 15% fetal bovine serum (Invitrogen), and incubated at 37uC in a humidified atmosphere with 5% CO 2 . The experimental protocol was approved by the Ethics Committee on Animal Experimentation of UFMG (CETEA -Protocol 183/2010).
The trophoblastic surface of the CAM explants was inoculated with 200 mL of culture medium (RPMI 1640) containing 2.0610 7 CFU, which corresponded to a multiplicity of infection of approximately 1000 (MOI 1000:1) as previously used by Carvalho Neta et al. [13] . CAM explants were inoculated in triplicate with wild type, DvirB2 or DbtpB strains of B. abortus 2308. Plates were incubated at 37uC with 5% CO 2 for 4 h, the medium was then replaced with RPMI 1640 medium supplemented with 50 mg/mL gentamicin (Invitrogen, São Paulo, Brazil) to inactivate extracellular bacteria. Plates were maintained at 37uC with an atmosphere containing 5% CO 2 for 1 h followed by washing three times with PBS (phosphate buffered saline -pH 7.4) to eliminate the antibiotic. Uninfected CAM controls were inoculated with sterile RPMI 1640 medium and kept under the same conditions.
Determining the number of internalized bacteria
To determine the number of internalized bacteria, three explants inoculated with wild type, DvirB2 or DbtpB B. abortus 2308 were incubated for 4 h, followed by 1 h incubation with RPMI 1640 medium supplemented with 50 mg gentamicin/mL (Invitrogen, São Paulo, Brazil) to inactivate extracellular bacteria, washed three times with PBS (pH 7.4), and then lysed with 200 mL of sterile 0.1% Triton X-100 (Roche, Mannheim, Germany).
Serial dilutions of the lysates were prepared in PBS (pH 7.4), and 100 mL of each dilution were plated on tryptose agar (Difco) in duplicate. After 48 h of incubation at 37uC with 5% CO 2 , the number of colony forming units (CFU) was counted in each plate.
RNA extraction and preparation of cDNA
After removal of RPMI culture medium supplemented with gentamicin (n = 4 for microarray analysis; n = 3 for qRT-PCR), TRIzol Reagent (Invitrogen) was added to the trophoblastic surface of the CAM explants of uninfected controls or explants infected with wild type, DvirB2 or DbtpB B. abortus 2308, for total RNA extraction, according to the manufacturer's instructions. Purity and concentration of RNA samples were assessed by spectrophotometry, and RNA quality evaluated by agarose/ formaldehyde gel electrophoresis. RNA samples were stored at 280uC. Synthesis of cDNA was performed using Superscript III First Strand S (Invitrogen), following the manufacturer's specifications using a RNA concentration of 1,500 ng in a reaction with a final volume of 20 mL, and cDNA was stored at 220uC.
Microarray analysis
Gene expression profiles were evaluated using the Agilent two color microarray-based gene expression platform according to manufacturer's instructions. Briefly, RNA (500 ng) was amplified and labeled using the two-color Quick Amp labeling kit (Agilent Technologies, CA, USA). Complementary RNA (cRNA) was synthesized from triplicates of CAM explants of four independent experiments. cRNA from uninfected control explants labeled with Cy3 and cRNA from explants infected with either wild type, 
Quantitative real-time PCR (qRT-PCR)
After functional classification using the Funcat (Functional Classification) platform (http://mips.helmholtzmuenchen.de/genre/ proj/mfungd/Search/Catalogs/searchCatfirstFun.html) genes of interest, i.e. related to inflammation and immune response that had at least a 2-fold change in transcription levels and that were statistically significant (P,0.05) were selected for confirmation based on qRT-PCR. Levels of transcripts were normalized based on b-actin transcript level. qRT-PCR was performed using the SYBR Green PCR Master Mix (Applied Biosystems, NY, USA) and the StepOnePlus thermal cycler (Applied Biosystems, NY, USA). Primers used in this study are described in Table 1 . The data were analyzed using the comparative Cycle threshold (Ct) method [25] .
Statistical analysis
Normalization and statistical analysis of the microarray data were performed using the GeneSpring software (Agilent Technologies, CA, USA). Analysis of variance (ANOVA) and the Student's t-test were performed with significance level of P,0.05. Analysis of variance (ANOVA) was performed after logarithmic transformation of CFU values and means were compared by the Tukey's Multiple Comparison Test (P,0.05).
Microarray data accession number
The microarray data set has been submitted to the Gene Expression Omnibus database at NCBI (http://www.ncbi.nlm. nih.gov/geo/) and assigned accession number GSE58216.
Results
Internalization of wild type, DvirB2 and DbtpB Brucella abortus strains by bovine trophoblastic cells
In order to evaluate whether the Brucella strains used in this study had comparable levels of internalization in trophoblastic cells of bovine CAM explants, CFU numbers at 4 h post inoculation followed by 1 h of incubation with gentamicin. There was no difference between the number of internalized wild type and DbtpB B. abortus 2308. It has been demonstrated that in infected CAM, B. abortus is found intracellularly in trophoblasts [13] . In contrast, the number of internalized DvirB2 mutant B. abortus was significantly lower than the other two strains (Figure 1 ).
Transcription profile of bovine trophoblastic cells during infection with wild type, DvirB2 or DbtpB Brucella abortus 2308 strains
Considering that B. abortus modulates the innate immune response of bovine trophoblastic cells [13] , and that TIR domaincontaining Brucella proteins, such as BtpB have been shown to impair the host innate immune response [19] , whereas the virBencoded T4SS is required for Brucella survival within host cells [26] , a comparison of the transcription profile of bovine trophoblastic cells infected with wild type B. abortus, or the isogenic DvirB2 or DbtpB strains was performed in this study. A heat map was generated to analyze transcripts with .2 fold change that had statistically significant differences in expression (P,0.05) ( Figure 2 ). Infection of bovine trophoblastic cells with wild type B. abortus 2308 resulted in 80 transcripts with differential levels of expression (i.e. at least a 2-fold change). Among those transcripts, 37 were upregulated and 43 were downregulated. In contrast, infection with DvirB2 or DbtpB B. abortus mutant strains resulted in a higher number of differentially expressed transcripts (138 and 117, respectively). While the number of downregulated genes was similar between wild type B. abortus and the mutant strains, remarkably, we observed an increased number of upregulated genes in CAM explants infected with both the DvirB2 and the DbtpB mutants ( Figure 2 and 3, Table 2 ).
These results indicated that downregulation of host trophoblastic cell transcripts at early stages of infection is directly or indirectly associated with the virB Type IV secretion system and BtpB.
Wild type B. abortus impairs host transcription of genes related to immune response when compared to DvirB and DbtpB mutants Table 2 . Genes with significant decrease in transcription level in bovine trophoblastic cells (chorioallantoic membrane explants) infected with wild type (strain 2308), DvirB2, or DbtpB in comparison to uninfected controls at 4 hours post infection. Transcription of genes related to immune response during the early stages of infection of bovine trophoblasts with wild type, DvirB2 or DbtpB B. abortus strains
Considering that acute inflammation in the placenta is a hallmark of B. abortus infection in cattle [7] and that B. abortus influences expression of proinflammatory transcripts by bovine trophoblastic cells [13] , here we focused the analysis of differentially expressed transcripts associated with defense and inflammation. The microarray data presented above demonstrated downregulation of transcripts in wild type B. abortus-infected explants that included chemokines, genes involved in signaling pathways by TLR, in regulation of proliferation and cellular differentiation, cellular response to stress and anti-inflammatory responses. Only two genes in these categories had significantly increased transcription, namely: Toll-like receptor 6 (TLR6) and heat shock 70 kDa protein 1-like (HSPA1L) ( Figure 5B ). In contrast, trophoblastic cells infected with either the DvirB2 mutant strain or the DbtpB strain had a significant increase of transcripts of cytokines and chemokines as well as genes associated with the complement cascade ( Figure 5C ). Transcription of only two genes related to defense and inflammation were significantly decreased, namely platelet/endothelial cell adhesion molecule (PECAM1) and CD200 molecule (C200) ( Figure 5D ).
Validation of the microarray data with qRT-PCR
In order to validate the results obtained with the microarrays analysis, selected differentially expressed transcripts were evaluated by qRT-PCR. Genes encoding IL15, HSPA1L, TNFRSF9, APOL3, PECAM1, PELI2, IL1F6, and TM4SF19 were amplified. Six of the eight selected genes had results that were parallel to those observed by microarray analysis (Figure 6 ).
Discussion
This study provided further evidence that B. abortus is capable of actively modulating the host innate immune response during the early stages of infection in target cells that are highly relevant for disease transmission, i.e. bovine trophoblasts. A previous study from our group demonstrated that B. abortus is able to modulate the innate immune response of bovine trophoblastic cells by suppressing the expression of proinflammatory cytokines and chemokines at early stages of infection [13] . In this study we expanded this notion by demonstrating that the absence of a functional T4SS due to deletion of virB2 as well as deletion of the btpB gene impairs the ability of B. abortus to suppress transcription of proinflammatory genes at early stages of infection in bovine trophoblasts. Although suppression of a proinflammatory response by trophoblastic cells may conflict with the fact that B. abortus causes acute placentitis in pregnant cows [7] , our previous study [13] also demonstrated expression of proinflammatory chemokines at later stages of infection (i.e., 12 h after inoculation) in B. abortus-infected CAM explants, with a pattern that is similar to that observed in vivo in the placentomes of experimentally infected pregnant cows [13] .
BtpB is known to interfere with innate immunity, since it inhibits TLR signaling in dendritic cells [19] . Our results suggest that BtpB could play a similar role in trophoblastic cells, suppressing an innate immune response. The virB operonencoded T4SS is required for Brucella spp. to interfere with intracellular trafficking, which mediates exclusion of lysosomal markers from the Brucella-containing vacuole, and ultimately allows the pathogen to reach its intracellular replication niche [26] [27] [28] . Therefore, we hypothesize that the marked differences in host Table 3 . Genes with significant increase in transcription level in bovine trophoblastic cells (chorioallantoic membrane explants) infected with wild type (strain 2308), DvirB2, or DbtpB in comparison to uninfected controls at 4 hours post infection. Transcription Profile of Bovine Placenta in Brucella abortus Infection transcriptional profile when trophoblastic cells are infected with a Brucella strain lacking a functional T4SS is likely to be a result of differences in intracellular trafficking. Since virB mutants are killed and degraded, liberation of TLR ligands from degraded virB mutant bacteria couldcontribute to the increased proinflammatory transcriptional profile observed in our study [29] . Alternatively, since the VirB T4SS was recently shown to promote translocation of BtpB into host cells, the increased inflammatory signature in cells infected with the virB2 mutant could result from reduced translocation of BtpB to the cytosol of infected trophoblasts within the CAM explants, and consequently, reduced suppression of TLR signaling.
Confirming previous results from our group that demonstrated that B. abortus inhibits a proinflammatory responses in infected bovine CAM at early stages of infection [13] , microarray analysis revealed decreased transcription of genes related to immune response and cellular stress such as chemokine (CXC motif) ligand 12 (CXCL12), Pellino homolog 2 (PELI2), TRAF2 and NCK interacting kinase (TNIK), N-myc downstream regulated 1 (NDRG1) and serine peptidase inhibitor, Kazal type 5 (SPINK5). CXCL12, or stromal-derived factor 1 (SDF-1), is the only ligand for CXCR4 and its decrease may affect various biological processes, including hematopoiesis, cardiogenesis, vascular and neuronal development (processes that may be relevant for fetal development), and traffic of immune cells [30] . In trophoblastic cells infected with B. abortus, the reduction of CXCL12 can also cause decreased interaction with CXCR4, which can be deleterious for the developing fetus and affect immune responses. PELI2 is involved in signaling pathways by TLR1, TLR2, TLR4 and IL-1 by interaction with the complex containing IRAK kinases and TRAF6. It mediates polyubiquination of IRAK1 and can activate MAP (mitogen activated protein) kinase pathways. TNIK, in turn, is regulated by TRAF2, and it is induced by stress, external stimuli and by signal transducers like JNK and NF-kB after stimulation by TNF-a. It also acts protecting cells from apoptosis [31] . NDRG1 is involved in regulation of cellular proliferation and differentiation, as well as cellular response to stress. In human trophoblastic cells, this gene promotes cell viability and protection against injury due to hypoxia, a condition that is commonly associated with placental injury and impaired fetal development [32] . SPINK5 is a serine protease inhibitor, probably related to an anti-inflammatory response. In humans, it is important for protection against pathogens, and it plays a role in formation and physiological renewal of the epidermal barrier [33] [34] [35] . Decreased transcription of these genes confirms the notion of a negative modulation of the immune response at early stages of infection of bovine trophoblastic cells with B. abortus. Conversely, two genes within this category had increased transcription in bovine trophoblastic cells infected with B. abortus: TLR6 and HSPA1L. Recently, a study showed the importance of TLR6 in triggering the innate immune response against B. abortus in vivo and activation of dendritic cells and production of proinflammatory cytokine [36] . HSPA1L (70 kDa heat shock protein 1-like -Hsp70) is a chaperone that may play a role in the internalization of Brucella sp. Tropism of B. abortus for placental tissues has important implications for the occurrence of B. abortus-induced abortion, although the molecular mechanism for this tropism is unknown. Watanabe et al. [37] demonstrated that heat shock cognate protein (Hsc70) plays a role in Brucella sp. internalization in trophoblastic cells. The administration of anti-Hsc 70 to pregnant mice prevents abortion [37] . In this study there was increased transcription of this gene in trophoblastic cells infected with the DvirB strain, supporting the notion that Hsp70 may be involved at early stages of Brucella infection (4 hpi). The virB operon encodes structural components of the T4SS, and therefore it is required for secretion of effector molecules. The T4SS is required for persistence of Brucella spp. in vivo, and for intracellular survival in macrophages, which are considered one of the primary target cells for Brucella infection. Induction of the T4SS expression occurs after the initial acidification of the Brucella-containing vacuole (BCV). Moreover, the absence of markers of phagolysosomes in BCVs as well as the maturation of compartments derived from the endoplasmic reticulum are mediated by the T4SS of Brucella [15, [26] [27] [28] . Thus, the virB operon is related to survival and multiplication of Brucella in host cells, since virB mutant strains fail to multiply and localize to a lysosomal compartment [38, 39] . This study demonstrated that bovine trophoblastic cells infected with the DvirB mutant strain had significant increases in transcription of several proinflammatory genes at early stages of infection, when compared to trophoblastic cells infected with the wild type strain, although the elucidation of the mechanism of this phenotype is beyond the scope of this study, our data support the notion that suppression of proinflammatory responses by trophoblastic cells that is induced by B. abortus apparently requires a functional T4SS.
Transcripts of several proinflammatory cytokines and chemokines were significantly increased in trophoblastic cells infected with B. abortus DvirB compared to uninfected cells. These transcripts included interleukin 15 (IL15), interleukin 1 family, member 6 (epsilon)-like (IL1F6), interleukin 2 receptor alpha (IL2RA), tumor necrosis factor receptor superfamily, member 9 (TNFRSF9) and chemokines such as chemokine (CC motif) receptor-like 2 (CCRL2), chemokine (CC motif) ligand 5 (CCL5), chemokine binding protein 2 epsilon (CCBP2), chemokine (CXC motif) receptor 5 (CXCR5). CXC chemokines act primarily on neutrophil chemotaxis, whereas CC chemokines are chemoattractants for monocytes, lymphocytes, and eosinophils [40] . There was also an increased transcription of the gene encoding Complement component 3a receptor 1 (C3AR1), which is the 3a peptide receptor, one of the proteins of the complement cascade that opsonizes pathogens, and induces a series of inflammatory responses that help fight infection [41] . Opsonization of B. abortus influences the internalization of this pathogen by phagocytic cells [42, 43] . Opsonized bacteria are internalized via receptors for complement and Fc and are more susceptible to the bactericidal action of the macrophages than non-opsonized bacteria which, in turn, are internalized via fibronectin receptor [42, 43] . In the first case, most of the internalized bacteria are destroyed within phagolysosomes before reaching the sites of intracellular multiplication [42, 43] . Therefore, the route of internalization interferes with the intracellular traffic in professional phagocytic cells [43] , although opsonized B. abortus is capable of surviving intracellularly in human macrophages [44] . Apolipoprotein L, 3 (APOL3) transcripts were also increased in DvirB B. abortus -infected trophoblasts. APOL3 is part of the apolipoproteins family. Increase in APOL proteins is related to signaling by different pro-inflammatory molecules including IFN-a [45] , IFN-b [46] , IFN-c [47] , and TNF-a [48] , which suggests that APOL proteins are involved in immune response.
To a lesser extent when compared to DvirB B. abortus infection, bovine trophoblastic cells infected with DbtpB B. abortus also had increased mRNA levels of genes related to inflammation. When compared to non-infected controls, there was increased transcription of genes related to complement and also of the TNF family. Interestingly, these results contrast with the transcription profile of the spleen from mice infected with B. abortus or B. melitensis at 3 days post infection, in which there is a T4SS-dependent proinflammatory response [49] . The btpB gene is present in Brucella and encodes a protein with a TIR-domain, and it inhibits innate immune response probably by binding to MyD88, restricting the TLR signaling and therefore, it contributes to the control of inflammation and establishment of infection [19] . Salcedo et al. [19] reported that a virB mutant translocated less of BtpA and BtpB into mouse macrophages. Therefore, the increased expression of inflammation-related transcripts could be related to reduced translocation of the Btp proteins into infected trophoblasts. Furthermore, since virB mutants are killed more efficiently after uptake by cells, this could release more microbe associated molecular patterns (MAMPs) into the phagolysosome where they can be detected by TLRs. Two genes belonging to the TNF family had significant increases in transcription: tumor necrosis factor receptor superfamily, member 13C (TNFRSF13C), which is associated with increased survival of B cells in vitro and regulating the population of peripheral B cells, and tumor necrosis factor (ligand) superfamily, member 10-like (TNFSF10), is a member of TNF family of cytokines and primarily related to apoptosis. TNFSF10 playing important roles in regulating cell death, immune response, and inflammation. TNFSF10 binding to its receptors promotes activation of MAPK8/JNK, caspase 8, and caspase 3 [50] [51] [52] . There was also an increased transcription of the complement factor H (CFH), which is a member of the Regulator of Complement Activation (RCA) cluster. It plays an essential role in the regulation of complement activation, restricting the activation of the complement cascade innate immune response against pathogens and CCAAT/enhancer binding protein (C/EBP) epsilon (CEBPE). It is also a critical mediator of myelopoiesis and it is related to the functional maturation of neutrophils and monocytes/macrophages [53] [54] [55] .
In conclusion, our study demonstrated that infection with B. abortus induces a downregulation of the bovine trophoblastic innate immune response during the first hours of infection. The virB-encoded T4SS, and to a lesser extent the btpB gene, play a direct or indirect role in this mechanism.
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